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Abstract
Silurian carbonate outcrops within the southern part of the St. Ignace District of the Hiawatha National Forest (Mackinac
County, Michigan) were examined to develop a local description of the exposed geology. The bedrock geology consists of
the Manistique Group (dominantly the Cordell Formation) and the Engadine Group (Rockview Formation, Rapson Creek
Formation, and Bush Bay Formation). Building on observations and differentiation from previous investigations, outcrops
were selected to describe the macroscopic characteristics of these formations in attempt to develop a local description that
would be more useful compared to confusing regional descriptions for researchers and forest officials. In Mackinac County,
the Cordell Formation is a dark-to-light gray, chert-rich dolostone with abundant corals, stromataporoids, brachiopods, and
echinoids. The Rockview Formation is a dark gray-to-white, chert-poor dolostone with microbiolite laminations, and brachiopod molds. The Rapson Creek Formation is a light gray-to-white, chert-free dolostone with abundant stromatoporoids.
The Bush Bay Formation is light reddish brown to white in color, chert-poor, crystalline dolostone with abundant echinoids,
brachiopods, and corals.
Keywords Michigan basin · Engadine group · Hiawatha national forest · Silurian · Carbonates

Introduction

Study objectives

Outcrop scale differentiation of the Silurian carbonates of
the Michigan Basin in the field has proven to be quite difficult. Regional descriptions are based on core and outcrops
outside of the study area (Fig. 1), which vary considerably
from the local outcrop characteristics. Some of the problems in identifying these units in the field are their similar
descriptions and lack of lateral continuity in terms of thickness (and suspected lithology). The purpose of this paper is
to develop a new framework through which to identify these
carbonate units in the Mackinac County, Michigan (Fig. 1)
and its surrounding area at outcrop, hand sample, and thin
section scales.

The objectives of this study were to collect outcrop data
about the Silurian strata exposed in the St. Ignace Ranger
District of the Hiawatha National Forest in Mackinac
County, Michigan to: (1) understand local variations in stratigraphy; and, (2) develop a generalized description of the
outcrops, hand samples, and thin section petrography.
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Review of the literature
Michigan Basin history
The Michigan Basin is a nearly circular basin, approximately
500 km in diameter, covering the Lower Peninsula of Michigan, and parts of the Upper Peninsula, Wisconsin, Illinois,
Ohio, and Ontario, Canada (e.g., Briggs and Briggs 1974;
Grammer et al. 2018; Swezey 2008; Swezey et al. 2015). The
Michigan Basin originally started out being trough shaped
in the Cambrian; by the Silurian, the basin was shaped as a
large broad basin; and finally, it was tilted to the north–east
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Fig. 1  a Regional overview of study area. b Map showing the study
area within the Hiawatha National Forest, sampling locations, and
bedrock geology. Note that the current bedrock geology is slightly

incorrect when addressing outcrop “SQ” this outcrop is in fact
located in the Manistique Group

during the Carboniferous (Howell and van der Pluijm 1999;
Sleep 2009, 2018). The basin began subsiding during the
Precambrian with maximum subsidence in the Late Silurian
and Middle Devonian (Friedman and Kopaska-Merkel 1991;
Howell and van der Pluijm 1999; Sleep 2009). Maximum
water depth of the basin during the Silurian is thought to be
approximately 200 m based on benthic foramifera assemblages (Brett et al. 1993). In early Silurian time, an extensive carbonate bank developed, the Niagara Group, with a
deeper water area in the central basin; pinnacle reefs were
also abundant on the carbonate slopes (Howell and van der
Pluijm 1999). The general shape of the basin during the Silurian was fairly symmetrical and subsidence was also consistent throughout the basin during this time (Howell and van
der Pluijm 1999; Sleep 2009, 2018).
During the Silurian, the Michigan basin was located at
about 15° S latitude (Gill 1977; Liebold 1992). This location likely resulted in a negative water budget, where the
average temperature was about 35 °C (based on isotopic
analysis of fluid inclusions in Silurian halites). The seawater during the Silurian had a composition similar to present

marine waters (Brennan and Lowenstein 2002; Das et al.
1990; Losey and Benison 2000).
The Michigan Basin during the early Silurian (Niagara Group) was characterized by three depositional
environments: (1) a shallow, broad, basin-edge carbonate bank, back reef or barrier reef, (2) a gently sloping
shelf, with pinnacle reefs, and (3) a deep central basin
(Friedman and Kopaska-Merkel 1991; Sanford 1962).
The back-reef facies (1) of the Niagaran is located within
the Upper Peninsula of Michigan and the Eastern edge of
Wisconsin. This back-reef facies is characterized by reefal
limestone, back-reef lagoonal deposits, patch reefs, and
fore-reef lime mudstones and lime sandstones (Friedman
and Kopaska-Merkel 1991; Sanford 1962). The reef bank
facies (2) of the Niagaran is located along the fringe of the
Michigan Basin and is comprised of inter-reef micritic crinoidal limestones and nodular limestones (Friedman and
Kopaska-Merkel 1991; Sanford 1962). The deep central
basin (3) contains dense, micritic, argillaceous limestones
(Friedman and Kopaska-Merkel 1991; Sanford 1962).
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Pinnacle reefs are commonly found in the Niagara Group
and extend around the basin forming a belt that developed
between the stable carbonate platform and the deep interior
basin (Fischer 1973; Shaver 1991). Whereas the overlying Salina Group is comprised of intercalating carbonates
and evaporites representing the alternating conditions of
low and high sea level near the end of Salina time (Nurmi
1975; Nurmi and Friedman 1977; Droste and Shaver 1977).
Several authors argue that the pinnacle reefs of the Niagara
Group underwent several episodes of subaerial exposure and
fresh-water leaching that caused extensive evaporite deposition forming the Salina Group (Gill 1985; Cercone and
Lohmann 1986; Cercone 1988). However, Leibold (1992)
suggests that there is no evidence to conclude the Salina
Group evaporites which were subaerially exposed. For further information regarding the debate around the pinnacle
reefs of the Michigan Basin, which exceeds the goals of this
paper, the reader is referred to: Grammer et al. (2018) and
Shaver (1991), and the numerous references therein.

Silurian carbonate stratigraphy
Nomenclature of the Silurian geology in the Michigan Basin
is complicated due to the different naming of units in the
United States and Canada, and differences in stratigraphic
names between outcrops and core (e.g., Catacosinos et al.
2001; Shaver 1996; Swezey 2008). This paper follows the
stratigraphic nomenclature used by the State of Michigan
(Catacosinos et al. 2001; Fig. 2). This paper focuses on the
outcrops of both the Engadine and Manistique Groups of the
early Silurian; the Engadine Group correlates to the Guleph
Dolomite and the Lockport Dolomite.
The carbonates present in the study area are chert-bearing
dolostones of the Manistique Group and dolostones of the
Engadine Group. The Engadine Group underlies the Salina
Group and overlies the Manistique Group. The Engadine
Group is divided into three formations: Rockview (bottom),
Rapson Creek, and Bush Bay (top). The only formation
exposed within the study area of the Manistique Group is

Period
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North
American
Series

North
American
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Silurian

Lockporan
Engadine
Niagaran

Wenlockian

Formaon

Bush Bay
Rapson Creek
Rockview

Clionian

Cordell
Clintonian

Manisque

the Cordell Formation, which lies below the Rockview Formation of the Engadine Group (Fig. 2).
Structurally, the beds of the early Silurian carbonates in
the Michigan Basin dip to the south at about 1°, 7–10 m
per 1 km (Johnson and Sorensen 1981), and make-up the
Niagara Escarpment as it runs across Michigan’s Upper Peninsula (Ehlers 1973).
Nearly all the generalized description of the units of the
Manistique and Engadine Groups are from outcrops or cores
studied to the east, west, or south of this papers study area.

Manistique Group
The Manistique Group which overlies the Burnt Bluff Group
and is approximately 55–60 m thick consisting of dolostone,
limestone, and shale. The Manistique Group was originally
named and described by Smith (1916). The Manistique
Group is divided into two units: (1) an 12–18 m-thick lower
unit of dolomite with interbedded green-gray shale near the
top of the unit which is mapped collectively as the Schoolcraft Formation (Ehlers 1973; Ehlers and Kesling 1962,
1957; Harrison 1985; Newcombe 1933; Sanford 1978;
Swartz et al. 1942); and (2) an 40 m-thick upper unit of
limestone and dolomite with chert nodules that is mapped
collectively as the Cordell Formation (Ehlers 1973; Ehlers
and Kesling 1957, 1962; Harrison 1985; Newcombe 1933;
Sanford 1978; Swartz et al. 1942).
Ehlers (1973) noted in the Cordell Formation that the
fossils (tabulata, rugose, stromatoporoids, and brachiopods)
were commonly preserved by silica replacement. Ehlers
(1973) furthermore split the Cordell Formation into an upper
and lower unit based on Pentamerous assemblages found in
outcrops west of this paper’s study area.
In the area of Seul Choix Point, Michigan (approximately
100 km to the west of the field sites in this paper), the
Cordell Formation has been described as a dolopackstone/
dolowackestone (Ward and Cologan 2014). Huh et al. (1977)
described the Cordell Formation as a dolomitic limestone
with beds of dolomitizied crinoidal wackestone.
In the subsurface of the Michigan Basin, the petroleum
industry sometimes refers to the Manistique Group as the
“Gray Niagara” (Charbonneau 1990; Ritter and Grammer
2017; Swezey et al. 2015).

Engadine Group

Salina

Cayugan
Ludlovian

Group

105

Schoolcra

Smith (1916) was the first to name and identify the Engadine
Dolomite. The Engadine Dolomite as described in detail by
Ehlers (1973) was not broken into the three formations used
today. Ehlers (1973) described the Engadine Dolomite being

Fig. 2  Simplified stratigraphy of the St. Ignace District of the Hiawatha National Forest
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approximately 100 m thick, and consisting of hard beds of
highly crystalline dolomite, that is white in color, though
some beds are bluish-white or light gray. Quartz sand grains
and garnets are occasionally found in the Engadine Group,
likely transported by Aeolian processes into the Engadine
Sea (Ehlers 1973). The lower third of the Engadine Dolomite contains numerous Pentamerus fossils and few poorly
preserved corals and stromatoporoids (Ehlers 1973). The
upper two-thirds of the Engadine Dolomite contain numerous cavities (vuggy porosity), some of which formed from
the dissolution of corals and stromatoporoids (Ehlers 1973).
The Engadine Dolomite was reorganized by Johnson
et al. (1979) as the Engadine Group consisting of in stratigraphic order, the Rockview, Rapson Creek, and Bush Bay
Formations. The Bush Bay Formation was further divided
into three members (listed in stratigraphic order): Prentiss
Creek, Swede Road, and McKay Bay Members (Johnson
et al. 1979). In the subsurface of the Michigan Basin, the
petroleum industry sometimes refers to the Engadine Group
as the “Brown Niagara” (Charbonneau 1990; Ritter and
Grammer 2017; Swezey et al. 2015).
The Rockview Formation is approximately 14 m thick
and is massive, gray-to-blueish-gray, medium-to-coarse
crystalline dolostone, which has numerous flat algal communities, especially in its lower sections (Johnson et al. 1979).
The Rockview Formation contains numerous dolomitized
molds of Pentamerus throughout the section (Johnson and
Sorensen 1981). Silica is present in the Rockview Formation, ranging from 0.89 to 9.68%, though there are no significant chert nodules or silicified fossils found (Johnson and
Sorensen 1981).
The Rapson Creek Formation ranges in thickness from 3
to 40 m thick and is massively-bedded, light gray-to-buffgray, medium-to-coarse crystalline dolostone (Johnson et al.
1979; Johnson and Sorensen 1981). It contains some vugs
filled in part with calcite and dolomite and has a characteristic white-to-yellow banding which gives the rock a
mottled effect (Johnsen et al. 1979). Pentamerous casts are
commonly found in the Rapson Creek Formation (more so
than the Rockview Formation), along with numerous coral
fossils (Jonson et al. 1979; Johnson and Sorensen 1981).
The formation is almost totally devoid of any impurities,
with < 1.5% non-carbonates (Johnson and Sorensen 1981).
The Bush Bay Formation is approximately 40 m thick and
is broken into three different members of dolostone (Johnson
and Sorensen 1981). The lowermost member is the Prentiss
Creek Member, which has a maximum thickness of 8 m,
but it is commonly thinner (Johnson and Sorensen 1981),
The Prentiss Creek Member consists of thin-medium-bedded
dolostones interbedded with white chert bed (Johnson et al.
1979). The Prentiss Creek Member is fossiliferous with the
fossils (bryozoans, corals, and brachiopods) best preserved
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in the chert beds (Johnson et al. 1979; Johnson and Sorensen
1981).
The Swede Road Member overlies the Prentiss Creek
Member conformably and has a maximum thickness of 8 m,
though it is commonly thinner (Johnson and Sorensen 1981).
The Swede Road Member is a massive, fine-grained dolostone with localized lenses of quartz and garnet sand-sized
grains, and weathers to buff brown with thin and uneven
beds (Johnson et al. 1979). The member contains about
5% silica and is fossil poor, with only a few brachiopods,
cephalopods, and corals (Johnson et al. 1979; Johnson and
Sorensen 1981).
The McKay Bay Member is the upper most unit in the
Bush Bay Formation and has a maximum thickness of 20 m
(Johnson and Sorensen 1981). The McKay Bay Member is
a massive, gray dolostone, which contains numerous pores,
vugs, and small cavities, associated with dissolution and
primary porosity in the reef portions of the unit (Johnson
et al. 1979). The member contains numerous fossils of stromatoporids, corals, brachiopods, gastropods, cephalopods,
and bivalves (Johnson et al. 1979). The unit has relatively
little silica present, ranging from 0.34 to 2.29% (Johnson
and Sorensen 1981).

Methods
Field observations of 57 outcrops were made during the
summer 2015–2017 field seasons within the St. Ignace District of the Hiawatha National Forest (Fig. 1). The breakdown of the samples is as follows: 23 in the Cordell Formation, 13 in the Rockview Formation, 12 in the Rapson
Creek Formation, and 9 in the Bush Bay Formation. These
observations included: color (fresh and weathered), fossil
presence, chert presence, degree of induration, karst features present, and other diagenetic features. All outcrops and
samples were photodocumented and their locations were
recorded using a hand-held GPS. Samples were collected
using a hammer or chainsaw powered drill core equipped
with a core barrel. Petrographic thin sections were created
to examine the microscopic characteristics of samples under
a polarizing microscope. Thin sections were also analyzed
using a cathodoluminescence stage mounted to an Olympus BH-2 petrographic microscope. An accelerating voltage of 4–6 keV was used to produce luminescence, and
micrographs were collected using an Olympus DP73 Peltier
cooled CCD imaging system.
Table 1 contains descriptions of all samples collected,
whereas Tables 2, 3, and 4 contain a synthesis and summary of these descriptions. Because petrologic analyses of
samples showed a great deal of variance within samples of
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Table 1  Individual descriptions for all samples collected and analyzed
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Table 2  Key outcrop fossil
abundance
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Brachiopods

Stromatoporoids

Favosites

Halysites

Other

Molds

Various

Calcareous

Silica
replaced

R
C
C
A

R
R
R
A

U
U
U
A

U
R
A
R

U
U
R
C

U
A
R
R

U
U
U
A

Echinoids

A
A
C
C

A abundant, C common, R rare, U uncommon
Table 3  Key diagenetic features
visible at outcrop scale

Formation

Bush Bay
Rapson Creek
Rockview
Cordell

Chert
Crystalline

Sucrosic

Silica
Replacement

U
U
R
A

U
U
A
R

U
U
R
A

Microstylolites

Vuggy porosity

Fe-oxide rich

Lack Fe- Crystal lined
oxide

Empty

A
R
U
U

R
C
C
C

U
C
C
R

A
R
A
C

A abundant, C common, R rare, U uncommon

the same location and among samples of each group, a protocol to classify samples was developed using abundance
classes instead of relying on point count percentages alone.
Due to this highly heterogeneous nature of samples, results
are reported as the abundance classes: abundant, common,
rare, and uncommon. Abundant features are found in all
samples of the unit, common features are found in greater
than two-thirds of all samples, rare features are found ranging between one-third and two-thirds of all samples, and
uncommon features are found in less than one-third of all
samples. Individual point counts were used to establish this
protocol, and this method allowed each group to be more
easily distinguished from one another.

Results and interpretations
Field descriptions
Field summary descriptions of fossils and diagenetic features
of each formation are presented in Tables 2 and 3, respectively. These descriptions are a generalized synopsis of the
major features in the various formations after studying 57
outcrops and samples in the area (Fig. 1 and Table 1).
Cordell Formation
In Mackinac County, the Cordell Formation is a dark grayto-light gray (weathers to light gray), chert-rich dolostone
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with abundant fossils (Fig. 3). The chert is present as thin
(1–10 cm) bands, lenses (max of 5 cm thick), and nodules
and varies from grayish blue to black in color. Small buff
white chert occurs around fossils. Fossils include corals
(abundant tabulata and less abundant rugosa), stromatoporoids, brachiopods, crinoids, and minor occurrences of bryozoans. Favosites is the most common coral identified (Table 2).
Silicification of corals and stromatoporoids are common,
especially within the top 5–8 m of the formation (Table 2).
Geomorphological features associated with outcrops of the
Cordell Formation include pseudokarst features such as littoral caves and lake stacks, interpreted as being from Glacial
Lake Algonquin (Larson et al. 2010), are present.
Rockview Formation
In Mackinac County, the Rockview Formation is a dark
gray-to-white (weathers to dark gray), chert-poor dolostone
that lacks fossils except for one lithofacies (Fig. 4). Chert
is yellowish white in color, nodular in shape, and sandy/
sucrosic in texture. Bedding features include microbialite
laminations that appear to be microbial mats; however, no
structures remain other than differential erosional features.
The fossil-rich lithofacies contains abundant brachiopod
molds (Table 2). Geomorphological features associated with
outcrops of the Rockview Formation include karst features
such as grikes.

Dolowackestone, doloboundstone, dolofloatstone

Varies between dolomudstone and doloboundstone
Varies between Doloboundstone, dolowackestone, and dolopackstone

Moldic porosity, larger euhedral pore filling
crystals, styolites similar to Rockview with
more Fe-Oxide staining, Siica replacement in
upper portion
Rapson Creek Formation Brachiopods, Echinoderms, and partially silici- Limited stylolites, large euhedral dolomite
fied skeletal grains
crystals
Less Fe-Oxides than Manistique, smaller styloRockview Formation
Crinoids (Echinoderms), Brachiopods, Tabulites than cordell, detrital quartz, minor silica
lata, and stromatoporoids, minor silicified
replacement
skeletal grains
Cordell Formation
Crinoids, Brachiopods, Corals, Stromatoporo- Large stylolites with abundant Fe-Oxides,
ids, Highly silicified skeletal grains
chalcedony, crystalline chert with relict fossil
structures, and pyrite

Varies between dolowackestone and dolopackstone
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Manistique

Echinoderms, Bivalves, Corals, and Brachiopods
Engadine Group Bush Bay Formation

Other
Allochems
Formation
Group

Table 4  Petrographic characteristics observed from the carbonate rocks of the St. Ignace District of the Hiawatha National Forest

Dominant Lithology
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Rapson Creek Formation
In Mackinac County, the Rapson Creek Formation is a
white-to-light gray (weathers to dark gray), chert-free dolostone with minor fossils (Fig. 5). Abundant stromatoporoids
are found, but they are not replaced by silica. Additional fossils include corals and bryozoa (Table 1). No chert is found
within this formation (Table 3). Geomorphological features
associated with outcrops of the Rapson Creek Formation
include karst features such as grikes as well as abundant
boulder fields that formed at the shorelines of Glacial Lakes
Algonquin and Nipissing (Larson et al. 2010).
Bush Bay Formation
In Mackinac County, the Bush Bay Formation is white-tolight reddish-brown (weathers white), chert-free crystalline
dolostone with abundant fossils (Fig. 6). Fossils include
crinoids, brachiopods, and corals. No stromatoporoids have
been identified in this formation (Table 2). Most of the fossils occur as moldic porosity, and many of the voids are filled
by secondary, sparry dolomite cement. Minor stylolites are
found and stained reddish-pink to purple by iron and manganese oxides (Table 3). Geomorphological features associated
with outcrops of the Bush Bay Formation include abundant
grikes and less abundant boulder fields.

Petrographic descriptions
The petrographic differences between Silurian formations
within the St. Ignace District of the Hiawatha National Forest are limited (Table 4). However, differences can still be
identified primarily on diagenetic features, notably styolites,
and chert, and iron oxides.
Cordell Formation
The Cordell Formation of the Manistique Group contains
abundant chalcedony, megaquartz, and replacement chert
in petrographic thin sections (Fig. 7). Most of the replacement chert displays relict structures of sponge spicules. The
dominant allochems are stromatoporoids, crinoids, corals
(tabulata and rugosa), and brachiopods (Figs. 8 and 9). Some
of the crinoids are replaced by chert and appear as black
with white speckles in XPL (Figs. 7d and 9c, d). Microstylolites containing dark brown insoluble residue and minor
Fe-oxide staining are present (Fig. 10a). Minor occurrences
of pyrite are associated with chert and silicified fossils. The
overall rock descriptions vary between doloboundstones,
dolowackestones, and dolopackstones with the occasional
dolofloatstone.
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Fig. 3  Common fossils found
within the Cordell Formation in
the Hiawatha National Forest.
Corals are the most abundant
fossils (a, b, and c); however,
silicified stromatoporoids are
also found throughout the exposures (d). The most common
corals identified are Favosites
and Halysites. Other common
fossils include Brachiopods (d),
Bryozoans, and Echinoids (c)

Fig. 4  The Rockview Formation is mostly outcroppings of
dolomitized microbiolites (a
and c). Corals are found scattered. The most common fossils
are brachiopod molds (b). This
particular facies is found at the
bottom of the Rockview Formation. Sucrosic chert is common,
especially near the contact with
the underlying Cordell Formation (d)
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Fig. 5  The Rapson Creek Formation is a highly crystalline,
white dolostone that weathers
to a dark gray color. Stromatoporoids and corals are abundant
fossils found in the formation
and are not silicified (a, b). The
texture of the dolostone has
been significantly altered by
recrystallization (c, d)

Fig. 6  The Bush Bay Formation
is a highly crystalline, highly
vuggy dolostone (a). The colors
range from white to grayish purple (c) to orangish tan (b). Most
of the vuggy porosity is crystal
lined (a, b), and some of the
vugs represent moldic porosity
(a). Microstylolites are Fe-oxide
rich (c). Echinoids (Crinoids)
are abundant; however, many
have been recrystallized (c)
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Fig. 7  a Photomicrograph
showing megaquartz in-filling
pore space in XPL (field of
view (FOV) = 2.5 mm). b
Photomicrograph displaying
chalcedony partially in-filling
and replacing carbonate material in XPL (FOV = 2.5 mm).
c Photomicrograph showing
relict structure with ghost
allochems of sponge spicules in
PPL (FOV = 2.5 mm). d Silica
replacement of echinoderm allochem in XPL (FOV = 2.5 mm)

Fig. 8  Photomicrographs of
silicified allochems within the
Cordell Formation: a coral
(XPL), b brachiopod (XPL), c
stromatoporoid (XPL), and d
stromatoporoids or brachiopod
(PPL). FOV is 2.5 mm

Rockview Formation
The Rockview Formation of the Engadine Group contains
significantly less chert than the Cordell Formation in outcrop and petrographic thin section. Chert usually appears in
thin section as small pockets of replacement chert (Fig. 11a).
Crinoids are the dominant allochems with some silicified
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crinoids that have an optically different chert (Fig. 11c and
d) than the Cordell crinoids (Fig. 9c and d). Microstylolites
are common (Fig. 10b). The overall rock descriptions vary
between doloboundstones and dolomudstones.
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Fig. 9  Photomicrographs
showing various echinoderm
(crinoid) fragments, the most
abundant allochem in the Cordell Formation. FOV is 2.5 mm

Fig. 10  Micrographs of representative stylolites from each
formation: a Cordell Formation, b Rockview Formation, c
Rapson Creek Formation, and
d Bush Bay Formation. FOV is
2.5 mm

Rapson Creek Formation
The Rapson Creek Formation of the Engadine Group
contains very limited chert as replacement textures of
allochems. Stromatoporoids, corals, and brachiopods are
the most abundant allochems (Fig. 12a, b). Portions of
the Rapson Creek Formation are highly recrystallized

(Fig. 12c, d). The stylolites are smaller in the Rapson
Creek Formation and contain less insoluble material
compared to the other formations (Fig. 10c). The overall rock descriptions vary between a dolomudstone and a
doloboundstone.
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Fig. 11  Common petrographic
features of the Rockview Formation. Chert is less abundant
compared to the Cordell Formation (a). Crinoids (echinoderms)
are common allochems (a),
with most having a silicified
appearance that differs from the
Cordell (c, d). Field of view is
2.5 mm

Fig. 12  Common petrographic
features of the Rapson Creek
Formation. Common allochems
include brachiopods (a in XPL)
and stromatoporoids (b in PPL).
Sections of the Rapson Creek
are highly recrystallized into
euhedral dolomite crystals (c,
d). Field of view is 2.5 mm

Bush Bay Formation
The Bush Bay Formation of the Engadine Group rarely contains significant chert in petrographic thin sections; however, chert is found scattered in small amounts replacing
allochems. The microtexture of the replaced chert is likely
replaced bivalve or coral allochems (Fig. 13a). The most
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common allochems are crinoids (echinoderms) that have not
been silicified; however, coral allochems are also abundant
(Fig. 13b). Most moldic porosity contain large euhedral
cement (Fig. 13c, d). The most striking feature in thin section is the brick red-stained stylolites (Fig. 10d). The overall rock descriptions vary between a dolowackestone and a
dolopackstone.
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Fig. 13  Common petrographic
features of the Bush Bay
Formation. Chert is present,
although significantly less abundant than other formations. The
microtexture preserved by the
chert appears to be replacement
of bivalve allochems (a). Coral
allochems are also abundant and
contain abundant moldic porosity (b). Large euhedral cements
are common in pore spaces (c,
d). Field of view is 2.5 mm

Fig. 14  Cathodoluminescence micrographs of the Manistique and
Engadine Groups. The Cordell Formation and the Rockview Formation contain CL cements that appear to be yellowish green (a), and
these cements are not as abundant as the cements found in overlying

units. The Rapson Creek Formation have deep red zonations (b). The
Bush Bay Formation contains two cements, a zoned dark-red cement
(similar to Rapson Creek) and a yellow-zoned cement (c). FOV is
2.5 mm

Cathodoluminescence petrography

Formation show luminescence with a deep red color that is
optically different from the other formations allowing for
identification of the Rapson Creek Formation by CL. The
Bush Bay Formation contains two generations of cement:
the first generation fills pores and has the same CL signature as the Rapson Creek Formation, whereas the second
generation partially to completely fill the remaining pore
space with an optically unique cement in CL (Fig. 14c). The
second-generation cement luminescence is an alternation
between bright yellow, dull orange, and non-luminescent
cements (Fig. 14c). These yellow-zoned cements are composed of calcite, whereas the darker red zoned cements and
the yellowish-green cements are composed of dolomite.

Cathodoluminescence (CL) provided a useful method of differentiation of the carbonates. Both the Cordell and Rockview Formations contain a CL signature of cements that
are optically different from cements of the Rapson Creek
and Bush Bay Formations (Fig. 14a). These cements of the
Cordell and Rockview Formations have a yellowish-green
luminescence (Fig. 14a). The Cordell and Rockview cannot be differentiated using CL due to the presence of an
optically similar cement in CL. The Rapson Creek Formation samples contain cements that appear optically different in CL (Fig. 14b). These cements of the Rapson Creek

13

105

Page 16 of 18

All these cement signatures in CL are interpreted as being
qualitative geochemical differences due to the luminescence
differences caused by trace element (such as Fe2+ and Mn2+)
concentrations.

Conclusions
Field differentiations coupled with petrographic descriptions
have allowed the delineation of the early Silurian carbonates
in the St. Ignace District of the Hiawatha National Forest
in Mackinac County, Michigan. These observations were
necessary, because previous regional descriptions (e.g.,
Ehlers 1973, sensu Grammer et al. 2018) of the formations
were inadequate for stratigraphic and field determinations
in this study area. Outcrop, hand sample, and petrographic
analyses all lend observations that allow the differentiation
of these carbonates in the study area (Tables 2, 3, and 4).
While these observations likely vary when extended to the
larger regional scale, they provide detailed descriptions that
are useful for geologists in Mackinac County, Michigan and
its surrounding area.
A summary of the Formations investigated in this report
follows (Tables 2, 3 and 4):
Cordell Formation: Dark-to-light gray (weathers to light
gray), chert-rich dolostone with numerous tabulate corals,
stromatoporoids, brachiopods, and echinoids; these fossils
are highly silicified. This formation also contains numerous stylolites, some of which have iron oxides. The cements
luminescence with a yellowish-green color. Petrographically,
this formation consists of dolowackestones, doloboundstones, and dolofloatstones.
Rockview Formation: Dark gray-to-white (weathers to
dark gray) chert-poor dolostone with minor fossils, mostly
as echinoids, microbiolite laminations, and a bed of brachiopod molds. This formation also contains numerous stylolites,
some of which have iron oxides and a large amount of vuggy
porosity. The cements luminescence with a yellowish-green
color. Petrographically, this formation consists of doloboundstones, dolowackestones, and dolopackstones.
Rapson Creek Formation: Light gray-to-white (weathers
to dark gray) chert-free dolostone, with abundant stromatoporoids, and echinoids. This formation contains some stylolites with little-to-no vuggy porosity. The cements luminescence with a dark-red color. Petrographically, this formation
consists of dolomudstones and doloboundstones.
Bush Bay Formation: Light reddish brown-to-white
(weathers to white) chert-free dolostone with corals, and
echinoids present. This formation contains many iron-oxide
rich stylolites, and abundant moldic porosity, which is lined
with dolomite spar, the upper parts of the formation have
some silica replacement. There are two cements that luminescence in this formation, one with a dark-red color and
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the other with a bright yellow, dull orange luminescence.
Petrographically, this formation consists of dolowackestones
and dolopackstones.
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